Abstract. Measurement and fluctuations are closely related to each other in quantum mechanics. This fact is explicitly demonstrated in the case of a quantum non-demolition photodetector which is composed of a double quantum-wire electron interferometer.
Introduction
Recent rapid progress of studies on nanostructures is opening up possibilities of new measuring apparatus using nanostructures. For example, a tiny change of the electric charge in a nano-scale region can be detected through a singleelectron-tunneling transistor [1] . Another example is a quantum-wire electron interferometer that works as a quantum non-demolition (QND) photodetector, which measures the photon number without absorbing photons [2] . The functions of these nanostructure devices are hardly accessible by conventional devices, thus make nanostructure devices very attractive.
On the other hand, these devices stimulate studies on a very basic problem of physics~ what happens when you measure a quantum system? To discuss this problem the nanostructure devices are useful because they allow microscopic analysis of the measuring devices. As a result, we can clarify close relationships among the measurement error, backactions, and fluctuations. I here demonstrate these things by reviewing our studies on the quantum-wire QND photodetector.
Quantum-wire QND photodetector
A schematic diagram of the quantum non-demolition (QND) photodetector [2] is shown in Fig.I . Before going to the full analysis in the following sections, I here give an intuitive, semi-classical description [3] of the operation principle.
The device is composed of two quantum wires, Nand W. The lowest subband energies (of the z-direction confinement) f~ and f~ of the wires are the same, but the second levels f{;' and f],V are different. Electrons occupy the lowest levels only. A z-polarized light beam hits the dotted region. The photon energy 'hw is assumed to satisfy f],V -f~ < 'hw < f{;' -f~, so that real excitation does not occur and no photons are absorbed. However, the electrons are excited "virtually" [4] , and the electron wavefunction undergoes a phase shift between its amplitudes in the two wires. Since the magnitude of the virtual excitation is proportional to the light intensity [4] , so is the phase shift. This phase shift modulates the interference currents, J+ and J _. By measuring J±, we can know the magnitude of the phase shift, from which we can know the light intensity. Since the light intensity is proportional to the photon number n, we can get information on n. We thus get to know n without photon absorption, i.e., without changing n; hence the name QND [5] . (More accurate definition of QND will be given in section 7.) In contrast, conventional photodetectors drastically alter the photon number by absorbing photons. Keeping this semi-classical argument in mind, let us proceed to a fully-quantum analysis.
Quantized light field for a waveguide mode
We assume that the measured light of frequency w, plane polarized in the z direction, is confined in the x and z directions in a waveguide, propagating in the y direction with the propagation constant (3w. A normalized mode function u( r) then takes the form
